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NGEMENT FOR OPTICAL EVALUATION OF AN OBJECT ARRAY 


CROSS REFERENCE TO RELATED APPLICATION 
This application claims priority of German patent application no. 199 19092.5, filed 
April 27, 1999, the complete disclosure of which is hereby incorporated by reference. 

FIELD OF INVENTION 

—i 

The invention relates to an arrangement for optical evaluation for an of a& object 

array. § 5 m 

- J - ^ CD 

SUMMARY OF THE INVENTION !I g m 

g S CD 

The invention provides for an arrangement for optical evaluation of an ogect array, 
comprising a detector array, a microlens array, which is disposed in front of the object 
array, as viewed in the direction of the detector array, a field lens, which is disposed in 
front of the object array, as viewed in the direction of the detector array, a light source, 
the radiation of which is coupled in by means of a beam splitter between the field lens 
and an objective, wherein the objective, together with the field lens, simultaneously 
images all pupils of the microlens array onto the detector array. 

The invention will be explained in more detail below, by way of example and with 
reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects of the present invention and various features and details of the 
operation and construction thereof are hereinafter more fully set forth with reference to 
the accompanying drawings, in which: 

Fig. 1 shows the entire beam path, for example in fluorescence measurement; 
Fig. 2 shows the beam path in absorption measurement; 
Fig. 3 shows the beam path in luminescence measurement; 
Fig. 4 shows the beam path without the MLA. 
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Description of the beam path 
The optical assembly is divided into three essential components. 

1 . A microlens array (MLA) (2) for focusing light into small areas (sample volumes) 
of the wells (1a-1d) of a microtiter plate (MTP) (1), which are filled with a sample 

5 substance. In the case of fluorescence or luminescence applications, the MLA (2) also 
serves to collect light emitted from the sample volume. 

2. A telescope arrangement of lenses 3, 1 1 and of a collimator (14) for illuminating 
the microlens array 2. As the light source, the output of an optical fiber may be used, or, 
as represented in the Figures, the lamp itself. 

10 3. A field lens (3) and an objective (6) for telecentric imaging of the pupils of the 

MLA (2) on a CCD-array detector (7). 

The microlens array consists of a regular arrangement of small lenses or 
objectives. Preferably, the the microlenses are arranged to form a rectangular grid. In 
any case, the arrangement of the microlenses is adapted to the geometry of the sample 
15 container array or of the MTP, respectively. 

The front lens (3) of the telescope for illumination, which lens faces the MLA (2), 
also serves as field lens for the telecentric imaging of the MLA pupils. 

1 . The excitation beam path 
The light exiting from the optical fiber (15) is collected by a collimator (14). This 
20 collimator (14), together with the small telescope lens (11), which has a short focal 
length, images the optical fiber output into the intermediate image plane (9) of the 
telescope 3, 1 1 . The large telescope lens (3), which has a long focal length, picks up the 
light from the intermediate image plane (9) and transforms it into a bundle of small 
divergence, by which the MLA (2) is illuminated on its side facing away from the sample. 
25 Each individual lens (2a. .2d) of the MLA (2) then focuses the light into a respective well 
(1a..1d) of the microtiter plate (1). 

The aperture diaphragm (12) of the illuminating telescope and attenuating filter 
(13) are disposed between the collimator (14) and the small telescope lens (11). The 
aperture diaphragm (12) defines the shape of the beam cross-section and keeps 
30 superfluous light away from the beam path. This, serves to reduce signal cross-talk and 
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scattered light background in the detection beam path. The aperture diaphragm (12) is 
disposed in a plane which is conjugated to the plane of the microlens pupils. Thus, the 
aperture lens (12) forms a small-scale copy of the external outline of the MLA (2). The 
aperture diaphragm (12) may also be embodied as a disk diaphragm array for improved 
5 reduction of scattered light. 

The field diaphragm (9a) of the illuminating telescope is disposed in the 
intermediate image plane (9). The intermediate image plane (9) is imaged into the wells 
(1a.. 1d) of the MTP (1) by the large telescope lens (3) and the lenses (2a. .2d) of the 
MLA (2). Thus, the field diaphragm (9a) defines the bundle cross-section of the light 
10 within the wells (1a. .1d). 

The excitation filter (10) serves to define the spectral range of the illumination. 

The light from the samples is reflected into the beam path, which is also used for 
detection, via the mirror (8). 

Arranging said mirror 8 in front of the objective 6 facilitates the selection of a 
1 5 different mode of illumination. 

If the device is used for fluorescence analysis, the mirror (8) is designed as a 
dichroic beam splitter. The spectral range of the exciting light is reflected, while the 
spectral range to be detected is transmitted. If the device serves to detect luminescence, 
reflexion by the mirror 8 can be omitted as well as the illumination, and the beam path 
20 will then only comprise the detection beam path, as set forth below. 

2. Detection beam path 
The light emitted from the sample volume is collimated by the microlenses (2a. .2d). 
One microlens (2a. .2d) is assigned to each well (1a..1d) of the MTP (1). The collimated 
light exiting from the pupils of the microlenses is focused on the intermediate image 

25 plane (4), which is conjugated to the intermediate image plane (9) on the excitation side, 
by the large telescope lens (3), which also serves as field lens for pupil imaging. Thus, 
the images of the sample volumes from all wells (1a..1d) of the MTP (1) are 
superimposed in the intermediate image plane (4). The diaphragm (4a) defines the 
observed sample volume in each well. Preferably, the diaphragm (4a) is the same size 

30 as the field diaphragm (9a) of the illumination. 
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The diaphragm (4a) also constitutes the aperture diaphragm for pupil imaging. The 
imaging of the pupils of the microlenses (2a. .2d) onto the CCD-array detector (7) is 
carried out by the objective (6). 

The emission filter (5) serves to define the detected spectral range. 

The reflecting mirrors (16,17,18) serve to bring the beam path into a compact 
shape. To this end, multiple folding by a multiplicity of mirrors is conceivable. 

Description of modes of measurement 
In principle, different methods of measurement are applicable to the samples 
contained in the MTP. Based on the above-described beam path, the measurements 
according to a method may be carried out in several wells at the same time. So far, the 
following methods of measurement have been taken into consideration: 

1 . Absorption 

2. Fluorescence 

3. Luminescence 

4. Time-dependent fluorescence detection 

5. Polarization-dependent fluorescence or absorption 

Absorption 

In absorption measurement, only the excitation beam path is used. 

The beam splitter 8 may be replaced by a full mirror. The detection of the light 
transmitted through the sample is effected by means of a photodiode array (19), which 
is located as closely behind the sample containers as possible. 

The above-described beam path allows the side of the MLA facing away from the 
samples to be homogeneously illuminated so that each well is traversed by light of the 
same intensity. For absorption purposes, the MLA is to be adapted such that the walls 
of the wells do not limit the beams formed by the microlenses and that each light bundle 
impinges fully on its associated detector surface (19a. .19d) of the photodiode array. 

This means that, for certain MTPs or sample containers, exchangeable MLAs and 
field diaphragms 9a may be provided, which are optimized with regard to their focal 
lengths and radiuses of curvature. 


Fluorescence 

In fluorescence measurement, excitation is effected in the same manner as in the 
case of absorption measurement. However, the mirror (8) is replaced by a dichroic 
beam splitter having high transmission for the light emitted by the sample. 

The design of the MLA depends on the excitation, which should be as selective as 
possible, and on the detection of a small volume within the well, i.e. a sufficient 
chromatic correction requires a high numeric aperture (equal to, or greater than, 0.5). 

Luminescence 

Since the sample emits light by itself, only the detection beam path is used. 

The beam splitter 8 may be swivelled out. 
It is possible, in general and also in absorption measurements, to omit the MLA 
and to image an image of the MTP bottom directly onto the CCD-array detector. In this 
case, the entire plate can be read at once, regardless of the number of wells it contains. 
Although this means slight losses in sensitivity, all channels may be read simultaneously 
even where there are a large number of channels. 

Fluorescence detection over time 

In time-dependent fluorescence detection, the same beam path is used as in 
fluorescence detection. 

Excitation is effected by a light source capable of generating short light pulses (ca. 
1 ns), i.e., for example, a suitable flash lamp. 

The detector used should be capable of carrying out, after a delay of about the 
length of the excitation impulse, a measurement having an integration time of about the 
same length, synchronized to the illumination clock. 

A microchannel-amplified camera is suitable for this purpose. 

The intensity of fluorescence remaining after said delay is measured. 

Polarization-dependent fluorescence 
This requires a polarization-maintaining optical system. The fluorescence intensity 
in the polarization direction orthogonal to the excitation light is measured. 
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To this end, polarizing filters, which preferably polarize perpendicular to each other, 
may be provided in front of filters 5 and 10. 

Although a certain preferred embodiment has been shown and described, it should 
be understood that many changes and modifications may be made therein without 
5 departing from the spirit and scope of the appended claims. 
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ARRANGEMENT FOR OPTICAL 
EVALUATION OF AN OBJECT ARRAY 


CROSS REFERENCE TO RELATED APPLICATION 
This application claims priority of German patent application no. 199 19092.5. 
filed April 27. 1999. the complete disclosure of which is hereby incorporated bv 
reference. 


FIELD OF^FHE INVENTION 


The pr e s e nt invention relates to improv e ments th e an arrangement for optical 
evaluation for an of an object array. 

SUMMARY OF THE INVENTION 

The invention provides for an arrangement for optical evaluation of an object array? 

. comprising a detector array, a microlens array, which is disposed in front of 

the object array, as viewed in the direction of the detector array, a field lens, which 
is disposed in front of the object array, as viewed in the direction of the detector 
array, a light source, the radiation of which is coupled in bv means of a beam splitter 
between the field lens and an objective, wherein the objective, together with the field 
lens, simultaneously images all pupils of the microlens array onto the detector array. 

The invention will be explained in more detail below, bv way of example and 
with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Th e s e and oth e r The objects of the present invention and various features and details of 
the operation and construction thereof are hereinafter more fully set forth with reference 
to the accompanying drawings, wher e in: 


l 


Th e i nvent i on is exp l a i n e d in gr e at e r d e tai l on th e basis of an e x e mplary e mbodim e nt, 
which is il lustrat e d in the draw i ng: 
> E ^which: 

&Fig. 1 shows the entire beam path, for example; in fluorescence measurement; 
y uv? $0/ Fig. 2 shows the beam path in absorption measurement; 

Fig. 3 shows the beam path in luminescence measurement;-and 
Fig. 4 shows the beam path without the MLA. 

DETAILED DESCRI P TION Of T H E P REfERRED EMBOD I MENT 

Description of the beam path - 
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The optical assembly- is divided into three essential components. 


1 . A microlens array (MLA) (2) for focusing light into small areas (sample volumes) 
of the wells (1a-1d) of a microtiter plate (MTP) (1), which are filled with a sample 
substance. In the case of fluorescence or luminescence applications, the MLA (2) also 

15 serves to collect light emitted from the sample volume. 

2. A telescope arrangement of lenses 3, 11 and of a collimator (14) for illuminating 
the microlens array 2. As the light source, the output of an optical fiber may be used, or, 
as represented in the Figures, the lamp itself. 

3. A field lens (3) and an objective4em (6) for telecentric imaging of the pupils of the 
20 MLA (2) on a CCD-array detector (7). 

The microlens array consists of a regular arrangement of small lenses or objectives. 
Preferably, the the microlenses are arranged to form a rectangular grid. In any case, the 
arrangement of the microlenses is adapted to the geometry of the sample container array 
or of the MTP, respectively. 
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The front lens (3) of the telescope for illumination, which lens faces the MLA (2), also 
serves as field lens for the telecentric imaging of the MLA pupils. 

1 . The excitation beam path 

The light exiting from the optical fiber (15) is collected by a collimator (14). This 
5 collimator (14). together with the small telescope lens (1 1 ), which has a short focal length, 
images the optical fiber output into the intermediate image plane (9) of the telescope 3, 1 1 . 
The large telescope lens (3), which has a long focal length, picks up the light from the 
intermediate image plane (9) and transforms it into a bundle of small divergence, by which 
the MLA (2) is illuminated on its side facing away from the sample. Each individual lens 
10 (2a.. 2d) of the MLA (2) then focuses the light into a respective well (1a.. 1d) of the 
microtiter plate (1). 

The aperture diaphragm (1 2) of the illuminating telescope and attenuating filter (13) 
are disposed between the collimator ( 1 4) and the small telescope lens (1 1 ). The aperture 
diaphragm (12) defines the shape of the beam cross-section and keeps superfluous light 

15 away from the beam path. This serves to reduce signal cross-talk and scattered light 
background in the detection beam path. The aperture diaphragm (12) is disposed in a 
plane which is conjugated to the plane of the microlens pupils. Thus, the aperture lens ( 1 2) 
forms a small-scale copy of the external outline of the MLA (2). The aperture diaphragm 
(12) may also be embodied as a disk diaphragm array for improved reduction of scattered 

20 light. 

The field diaphragm (9a) of the illuminating telescope is disposed in the intermediate 
image plane (9). The intermediate image plane (9) is imaged into the wells (1a..1d) of the 
MTP (1) by the large telescope lens (3) and the lenses (2a.. 2d) of the MLA (2). Thus, the 
field diaphragm (9a) defines the bundle cross-section of the light within the wells (1a..1d). 

25 The excitation filter (1 0) serves to define the spectral range of the illumination. 

The light from the samples is reflected into the beam path, which is also used for 
detection, via the mirror (8). 
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Arranging said mirror 8 in front of the objective 6 facilitates the selection of a different 
mode of illumination. 


If the device is used for fluorescence analysis, the mirror (8) is designed as a dichroic 
beam splitter. The spectral range of the exciting light is reflected, while the spectral range 
5 to be detected is transmitted. If the device serves to detect luminescence, 
r e f le xinq reflexion bv the mirror 8 can be omitted as well as the illumination, and the beam 
path will then only comprise the detection beam path, as set forth below. 
2. Detection beam path 

The light emitted from the sample volume is collimated bv the microlenses (2a.. 2d). 

10 _ One microlens (2a.. 2d) is assigned to each well (1a..1d) of the MTP (1). The collimated 
light exiting from the pupils of the microlenses is focused on the intermediate image plane 
(4), which is conjugated to the intermediate image plane (9) on the excitation side, bv the 
large telescope lens (3), which also serves as field lens for pupil imaging. Thus, the 
images of the sample volumes from all wells (1a..1d) of the MTP (1) are superimposed in 

15 the intermediate image plane (4). The diaphragm (4a) defines the observed sample 
volume in each well. Preferably, the diaphragm (4a) is the same size as the field 
diaphragm (9a) of the illumination. 

The diaphragm (4a) also constitutes the aperture diaphragm for pupil imaging. The 
imaging of the pupils of the microlenses (2a.. 2d) onto the CCD-array detector (7) is carried 
20 out bv the objective tens(6). 

The emission filter (5) serves to define the detected spectral range. 

The reflecting mirrors (16,17,18) serve to bring the beam path into a compact shape. 
To this end, multiple folding bv a multiplicity of mirrors is conceivable. 
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Description of modes of measurement 

In principle, different methods of measurement are applicable to the samples 
contained in the MTP. Based on the above-described beam path, the measurements 
according to a method may be carried out in several wells at the same time. So far, the 
5 following methods of measurement have been taken into consideration: 

1 Absorption 

2. Fluorescence 

3. -Luminescence 

4. Time-dependent fluorescence detection 
10 5. Polarization-dependent fluorescence for absorption} 


Absorption 

In absorption measurement, only the excitation beam path is used. 

The beam splitter 8 may be replaced by a full mirror. The detection of the light 
transmitted through the sample is effected by means of a photodiode array (19), which is 
15 located as closely behind the sample containers as possible. 

The above-described beam path allows the side of the MLA facing away from the 
samples to be homogeneously illuminated so that each well is traversed by light of the 
same intensity. For absorption purposes, the MLA is to be adapted such that the walls of 
the wells do not limit the beams formed by the microlenses and that each light bundle 
20 impinges fully on its associated detector surface (19a..19d) of the photodiode array. 
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This means that, for certain MTPs or sample containers, exchangeable MLAs and 
field diaphragms 9a may be provided, which are optimized with regard to their focal 
lengths and radiuses of curvature. 
Fluorescence 

5 In fluorescence measurement, excitation is effected in the same manner as in the 

case of absorption measurement. However, the mirror (8) is replaced by a dichroic beam 
splitter having high transmission for the light emitted by the sample. 

The design of the MLA depends on the excitation, which should be as selective as 
possible, and on the detection of a small volume within the well, i.e. a sufficient chromatic 
10 correction reguires a high numeric aperture (egual to, or greater than. 0.5). 

Luminescence 

Since the sample emits light by itself, only the detection beam path is used.- 
The beam splitter 8 may be swivelled out. 

It is possible, in general and also in absorption measurements, to omit the MLA and to 
15 image an image of the MTP bottom directly onto the CCD-array detector. In this case, the 
entire plate can be read at once, regardless of the number of wells it contains. Although 
this means slight losses in sensitivity, all channels may be read simultaneously even 
where there are a large number of channels. 
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Fluorescence detection over time 

In time-dependent fluorescence detection, the same beam path is used as in 
fluorescence detection. 

Excitation is effected by a light source capable of generating short light pulses (ca. 
5 1 ns), i.e., for example, a suitable flash lamp. 

The detector used should be capable of carrying out, after a delay of about the length 
of the excitation impulse, a measurement having an integration time of about the same 
length, synchronized to the illumination clock. 

A microchannel-amplified camera is suitable for this purpose. 

10 The intensity of fluorescence remaining after said delay is measured. 

Polarization-dependent fluorescence 

This requires a polarization-maintaining optical system. The fluorescence intensity 
in the polarization direction orthogonal to the excitation light is measured. 

To this end, polarizing filters, which preferably polarize perpendicular to each other, 
15 may be provided in front of filters 5 and 1 0. 
Ev e n thoug h 

Although a pa rticu l ar e mbodim e nt of th e i nv e nt i on has b ee n i ll ustrat e d and 
de scr i b e d h e r ei n, i t is not int e nded to li m i t th e i nvention and certain preferred 
embodiment has been shown and described, it should be understood that many 
20 changes and modifications may be made therein within th e sco pewithout departing from 
the spirit and scope of the appended claims. 
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